Introduction
Porphyria, although a rare disease, is clinically important since its wide variety of physiological manifestations makes diagnosis difficult. Both the quantitative and qualitative pattern of excreted porphyrins has been shown to be characteristic of the type of porphyria [1] . Consequently, a rapid and reliable procedure for the analysis of these porphyrins would greatly enhance one's ability to detect and diagnose the disease.
The analytical methods currently used for urinary porphyrin analyses employ talc extraction followed by H 2 SO 4 These isolation techniques as currently employed are frequently timeconsuming and the acid-catalyzed esterifications may require overnight to give adequate but less than complete esterification. In addition, the chromatographic resolution using TLC is rarely better than 200 theoretical plates, which means that the separation of complex mixtures of porphyrins is difficult, and their quantitation either by direct scanning of the chromatogram, or after elution from the support, may present numerous problems.
High pressure liquid chromatography (HPLC), on the other hand, can readily achieve separations with 2,000 theoretical plates and, since the sample being analyzed remains in solution at all times, its detection and quantitation, after elution from the column, are considerably simplified. Bearing these considerations in mind, we have coupled a simplified 
Results and Discussion
SCHWARTZ [5] has recently developed a chromatographic technique on florisil for the separation of porphyrins from other urinary components. We have modified this method such that the total porphyrin content is removed from the column using ethanolic Tris (pH~11); buffers based on ammonium ion cannot be used since they interfere in the following step. The basic porphyrin-containing eluate was then treated with an excess of diazomethane, which immediately converted all of the carboxyl groups to their methyl esters. The fully esterified porphyrins were then separated from the aqueous phase with ether and after removing the solvent the sample was ready for analysis by HPLC Examination of the re- sidual aqueous phase after porphyrin extraction, by excitation at 366 nm, showed no fluorescence when all of the porphyrin had been removed.
Both Porasil C and Porasil T have been used as supports, but using the present solvent system we find that superior resolutions are obtained with Porasil T. Since the majority of commercial high pressure liquid chromatographs are equipped with a 254 nm UV detector, we have chosen solvents which are clear in this region. However, detection at about 400 nm (the Soret region) is more sensitive and the flow-through cell ( fig. 1 ) has been designed to fit commercial spectrometers such that detection at other wave lengths is possible. We have found that the addition of small amounts of triethylamine to the methylene dichloride/petroleum ether eluant eliminates tailing and reduces peak broadening. Figure 2 shows the separation of a mixture of porphyrins containing 8-to 2-carboxyl groups. Base-line resolution was readily attainable; integration of the peak areas and a comparison with standard samples gave direct quantitation. Under the present conditions, 25 μg/litre can be quantitated with an error of ±5%, and 10 ^g/liter can be qualitatively detected. Figures 3 and 4 show typical analyses of both porphyric human and bovine urine. Table I 
Experimental Porphyrin Extraction and Esterification
Solid sodium bicarbonate (0.1-0.3% w/v) was added to the urine sample and the solution was allowed to stand at room temperature overnight. Florisil (1 g, 100-200 mesh) was suspended in 10% hydrochloric acid (25 ml) and poured into a glass chromatography column (1.2 cm diameter). When the florisil had settled, celite (300 mg; the celite was washed with 20°/o HCl to remove a yellow pigment) in distilled water (25 ml) was added to the column. The urine sample was then carefully . 1) had a path length of 7.3 mm.
Solvent Preparation
n-Propanol and triethylamine were reagent grade, petroleum ether (30-60 °C) and methylene dichloride were glass-distilled. The methylene dichloride stock solution was prepared by diluting n-propanol (5 ml) and triethylamine (50 //1) to 500 ml with methylene dichloride.
Column Preparation
The columns were dry-packed with Porasil T (25-37 pm) and flushed widi 200 ml of n-propanol: triethylamine !methylene dichloride (5:2:193) at a flow rate of 1.0 ml/min followed by 1,000 ml of petroleum ether:methylene dichloride stock solution (125:100).
Sample Analysis
The column was eluted using petroleum ether:methylene dichloride stock solution (175:100) for the first 14 ml after injection of the porphyrin sample followed by petroleum ether:methylene dichloride stock solution (40:100). Slight column differences occasionally necessitated alteration of the petroleum either fraction (175 ±25; 40 ± 10). Solvent flow was 1.5 ml/min (at a pressure of 500-1,000 psi).
The eluted porphyrins were characterized by comparisons with the following samples. Uroporphyrin III octamethyl ester (a generous gift from Prof. A. I. SCOTT), uroporphyrin I (purchased from Porphyrin Products) and esterified with diazomethane, protoporphyrin IX (prepared by R. K. DINELLO) and esterified with diazomethane. The 4-to 7-carboxyl porphyrins were obtained by the sealed tube degradation [7] of uroporphyrin III followed by esterification with diazomethane. The 3-carboxyl porphyrin was isolated from porphyric bovine urine. Standard samples of uro-and protoporphyrins were used to obtain the milligram-to-peak area response. A minimum of 25 ^g/litre of each porphyrin can be accurately quantitated (5%) using a 10-ml sample of urine.
Conclusion
Porphyrins can be rapidly and exhaustively isolated from urine via florisil chromatography and diazomethane esterification. Separation of the isolated porphyrins via HPLC provides a rapid qualitative and quantitative analysis of the sample. Using these techniques, a urine sample, in which the porphyrinogens have been oxidized, can be analyzed within 1 h.
